Scenedesmus obliquus, grown under culture conditions which led to unicell populations, was treated with N-methyl-N'-nitro-N-nitrosoguanidine and then cells were plated on rich medium to recover auxotrophic mutants. Carbon source and vitamin (p-aminobenzoic acid, thiamin and nicotinamide)-requiring mutants were characterized. Amino acid-requiring mutants, some of types not previously isolated from green eukaryotes, were also obtained : 11 had a requirement for arginine, one for valine, two for threonine or isoleucine, and one for tryptophan, tyrosine or phenylalanine. The possible metabolic blocks of these amino acid-requiring mutants are discussed.
I N T R O D U C T I O N
The isolation of biochemical mutants in higher and lower plants is of major importance for the analysis of metabolic pathways as well as for the understanding of molecular mechanisms in gene function. Unfortunately, obligate auxotrophs are scarce in photosynthetic eukaryotes and various hypotheses, such as extensive duplication of genetic materia1 (Li et al., 1967) , coexistence of alternative metabolic pathways possibly related to photosynthesis (Li et al., 1967) or inadapted composition of the selective media (Loppes, 1969; Kirk & Kirk, 1978) , have been proposed to explain the narrow spectra of mutations in plants.
We report here the isolation of auxotrophs in the alga Scenedesmus obliquus, among them three types of amino acid mutants which have never previously been isolated from green eukaryotes. This novel observation indicates the interest of this organism for the isolation and study of new types of biochemical mutants in algae.
M E T H O D S
Strain. Scenedesmus obliquus strain EL 19 was obtained from D r F. R. Trainor (University of Connecticut,
USA.).
Media and growth conditions. Cells were grown under continuous white light (SO00 lux, 25 "C) in liquid K medium buffered at pH 8-7 to 8.9 (Trainor & Roskowsky, 1967) or on agar medium solidified with 15 g Difco agar I-l. Where indicated, K medium was enriched with 0.4 % (w/v) Merck yeast extract (KY medium) or supplemented with casein hydrolysate, sodium acetate, vitamins or L-amino acids (Merck) at the concentrations specified.
Mufagenesis test. Cells were grown in 500 ml K medium and collected during exponential growth. A sample containing 35 x lo6 cells was centrifuged and the cells were resuspended in 10 ml N-methyl-N'-nitro-Nnitrosoguanidine (NTG) solution (50 ,ug ml-l in 0-03 M-sodium phosphate buffer, pH 7.0). After 30 min treatment, the cells were washed twice in the phosphate buffer and plated on agar KY medium at a dilution subsequently yielding 50 to 100 colonies per plate. Under these conditions, survival was about 10 %. (Trainor & Roskowsky, 1967) . We found that strain EL 19, used in the present study, formed unicells when grown axenically in liquid alkaline medium containing NH4+ (K medium, pH 8.7 to 8.9). As unicell populations are better than coenobia for forward mutation experiments, the cells were grown in liquid K medium before treatment with NTG.
After growth for 10 d in the light, a total of 13 650 colonies produced from the mutagenized cells were replicated on to poor (K) and rich (KY) medium; 27 colonies were isolated that grew only on KY medium. The mutants were tested for their ability to grow on agar K medium supplemented with 0.05 % (w/v) casein hydrolysate, 0-1 94 (w/v) sodium acetate or various amino acid and vitamin supplements prepared according to Holliday (1956) . From these growth tests, and after confirmation of the auxotrophic requirements by using specifically supplemented media, seven different types of auxotrophs were found ( Table 1) . As in Chhmydomonas reinhardii (Loppes, 1970) , thiamin-, nicotinamide-, acetate-and arginine-requiring mutants were isolated but, in addition, three new types of amino acid mutants were obtained.
The 11 strains requiring arginine were tested on K medium supplemented with ornithine or citrulline (100 mg F ) , two known precursors of arginine. Six of the mutants could grow on both media whereas the other five grew only on arginine; thus, it seems that at least two different metabolic blocks are present among these mutants.
One mutant could grow on K medium containing 20 to 100 mg valine 1-1 but optimal growth was obtained on a medium containing 100 mg valine 1-1 plus 25 mg isoleucine 1-l. This mutant can be compared to the many isoleucine-valine mutants of bacteria (Bachmann et al., 1976) or fungi (Fincham et ul., 1979) : in these micro-organisms, as in higher plants (Miflin & Lea, 1977) , the last steps in the synthesis of these two amino acids are considered to be catalysed by a common set of enzymes, a deficiency in one enzyme leading to failure of both pathways. However, it has been recently shown (Guardiola, 1977) that in Escherichia coli the valine and isoleucine transaminases (the last enzymes of the pathway) are in fact products of separate genes and that mutants defective in only one of these two enzyme activities could be isolated.
Two other auxotrophs were able to grow on K medium supplemented with either threonine (5 to 25 mg 1-l) or isoleucine (25 to 100 mg 1-l), but they failed to respond to homoserine at 5 mg 1-l, a concentration which was non-inhibitory for the wild-type. A combination of valine (100 mg 1-l) and isoleucine (25 mg 1-l) inhibited the growth of these two mutants (but not of the wild-type). From the scheme in Fig. 1 (a) , a possible explanation could be a partial inactivation of enzymes (1) or (2); the positive effect of isoleucine and the negative effect of isoleucine/valine would derive from their regulatory action on threonine deaminase (3).
Also puzzling is the mutant partially repaired by any one of the amino acids tryptophan, tyrosine or phenylalanine (25 to 50 mg 1-1 each). Shikimate (50 to 200 mg 1-l) did not allow the growth of this mutant. In micro-organisms, as in higher plants, the three amino acids are synthesized from chorismate through two independent pathways (Fig. 1 b) . The partial inactivation of enzyme (1) related to the regulatory (= inhibitory) effects of tyrosine and phenylalanine on the isoenzymes of chorismate mutase (2) could perhaps explain the observed phenotype.
The present results indicate that Scenedesmus obliquus, recently used for isolating mutants with abnormal carotenoid composition ( Powls & Britton, 1977) or resistant to antibiotics (Mahanty, 1979) , can also be used for the isolation of auxotrophs. Of particular interest are the three new types of amino acid mutants not previously found in plants or in the widely (Loppes, 1970) No. of mutants (1) anthranilate synthase; (2) chorismate mutase (several isoenzymes).
(b) Pathway of biosynthesis of the aromatic amino acids in higher plants (Miflin & Lea, 1977) : Short communication investigated alga Chlamydomonas reinhardii. A recent study (Kirk & Kirk, 1978) in Chlarnydomonas as in Volvox showed that both algae possess a specific carrier for arginine transport but lack detectable carriers for other amino acids; this led the authors to postulate that such selectivity might account for the failure to recover auxotrophs for amino acids other than arginine. Scenedesmus obliquus could have a different amino acid uptake system but it is puzzling that here also 11 of the 15 amino acid mutants required arginine. Whatever the explanation, the new amino acid mutants isolated and others that might be isolated in the future could constitute useful tools for studying the control of amino acid synthesis in photosynthetic organisms.
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